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INTRODUCTION

Salt marshes appear on all cozsts of the United States aroun
stch protected low-energy areas & estiaries, lapoons, ldays and
river mgiths. Where ther is enowgh rumoff, they transition into
Brackish and freslvoarer marshes: Beeawse af the wemendpus
valume of emergent vascutar planis and subsurface plant marter,
mrarshes dre reganded among the most praductive coomsiems
{Teal 1962; Keebe 1972 Tiner 1984},

The fudamental character and funcian of Gkl sl marshes
are described in Tdad St Marshos af the Sontbenss Allantic
Cowest: A Commnnity Profile (Wiegert and Freeman 1990},
published by the 1.5, Fish znd Wikdlife Service, The shor summary
that fodlowes shoubd provide sufficient bass for enderstanding the
clements of restoration.

Athogh tidal salt marshes exist an ihe transition zone
brtween the lamt and the sea, the bogeochemical processes in a
marsh more closely resemble thoss of aquaric sisems than
terresitrial anes. This ceosvstem is intimately connected o the sea,
fits estoaries and triburkries through tdal cveles. Salt marshes are
inundlated b salty to hrackish water and drained regularly
(Frgures 1, 2 and 3), Water is the active medinm for eleculation of
arganic &nd inprganic nutrents throeghont the sl marsh; i is
aksn the mediom in which mast orpassms lve (incinding the
tervestrial-tipe pants}. Sediments are characteristic of squatic
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ecosvstems and are chemically redoced an T!';
Cordprasses {Sperriing spp. ) are the dominatt plants of
mershes. The rate of succession in 4 salt marsh depends on how
moch it is protecied frone the brunt of a high-enerpy coast. To
thrive and underpe suceesshal development, the marsh akso must
receive af least occasienal inputs of Inesh water; if salinity of the
water and sediment hecomes soa high, plants will begin 10 die,

The abundance of plant meaerial produced cach vear is the
reason for the prodactivity of salt marshes and their stams in
onastal ecosvilems. Onky @ small percentage of marsh grasses is
directy consuneed or “prazed”; most is decomposed by bactens,
prociecing an organic “soup” tha feeds such organisms as
aniphipods, sheinip, ceabs, snaiks, shellfish and some small Gshes.
Thiese prganisms in tarn suppart a broad food chain that inclsdes
a variety of shellish amd finfish populations. The physical exchange
of water meves hoth the organic soup ana small organisms
letween tloe 2alt marsh and adjacent coastal waters. 5o (e waler
exchange mainezins the productity of the salt marsh as well as
allorws tloe imhabitznts ol e coastal ecosistion b dooss il

Geographic Distribution
Thie extent of sl marsh coverspe varies from ane region to

anather, The seep, hiph-enersy shores of the Pacific Coas. for
example, support smaller aress of marsh (Zedler 19961 than
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lﬁ I.1 es alsa differ in plant composition
arld development. The daiminant vegetatian is smooth cenzrass

estahlishment of
nEee siingend

{Spartina alternijiong) along Gull and Adantic coasts, pickleweed  regulativns,

{Salicornis virginica) and Pacfic cordgrass {Sharfing foliosi)
on the Pagific coast, especially in California; and sedge (Carex
fpmgtved) and seaside arvowgrass (Troglockin maritin) in the
Pacific Morthwest (Woodhouse 1575, Mattherws and Minctlo
16844), Szt marshes on the Gulf Coast sometimes grow righl nest
1y b seashare, but on the Atlantic and Pacilic coasts, tey usuly
prow on sediment deposics hebind protective barrier ilands,

Vegetation of West Coast marshes is less unilomm than on the
East Cost, probahly because of the Barpe variation in salindty ad
irregularity of Booding (Zedler 1996). For example, in eastern
marshes, grasses are the same height, West Coast marshes show
rore warialion in plant stee. To gain 2 successhil fouthold, West
(st marshes must be protectesd from wanes and sloped so that
evaparation is minimal.

Loss and Impairment of Function

Salt mearshes—ansd the wetlasd habitas of which they are
part—Iiave disagppeared at zn alarming rate during the past
cenfury, accompznying an increase in pepulation and coastal
developsent {Linlebiales and Niering 1991}, But bocause of
growing public awareness of the value of coastal wetlands and the

s five
declined in recent
vears, Estimted
losses are ahont
8,000 heclares
per vear during
the 192005 10
19508, 1900
hestares per year
during the 1950
o 19705, and

A 0000 Beetares
per vear during
the 19705
through the
19805 { Mitsch
and Gosselink
19938 ). Salumarsh
lesses usnalky can
| ttributed to
the fallowing

physical stresas,
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DREDGING. The demands of water transporiation gave
rise o the practice of deedging navigational channels and canals
thraugh coastal marshes. Excavation of deep channels and
disposal of spol remove substrate, raising e ground abave sca
kel o submeerging vegetation. The salt marsh productivity &
reduced or chimimed.

FILLIMG . Ofen coustal wetlands bave been fifled 1o raise
the gronnd zhaove sea Jevel for building. Along meany siretches of
coasline, developers place Gl in salt marshes o suppon
roadbeds, This eliminates or impairs the salt marsh ecosysiem by
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freshwater for irrigation and domestic nm?m@‘ﬁq;*lf "'~.""~.: L™y
terraption of water flow changes sedliment deposiion raes, -

increzses sall concentraton in te subsirare, and decreass
otrient cveling in the marsh ecosvstem. Desirahle marsh species
such s cordgrasses decline in fvor of less productive assem-
Bilages of vegetation. In most cases, these changes reduce
dramatically the productivily and vee of nwrshes.

DITEHING . Constenction af ditches o increzse drainage
rates has been 2 primary method of mosquite comtral in many
codstal aress (Fgure 4). Although ditching does n necessarily

smithering vepetation, destray zalt
raising the substrate marshes, it reduces
he e Dived for 3 abendance of
seqwater inundacion or Estanne Wetiand certain plants and
inhibiling water affects movement of
circulation. pead = anim:ls,
AkiTa
Fraasy (! irdy Lone
DIKES AND g i i) e FLOOD
CIVERSION, In Jid Estuarine CONTROL,
ey sreas, dikes are Sien e bt Where coasial
busilt zcross drainage T g Boonfing is 4
::uaftsjr [rehazer probiem, managers
ivertid to prevent : install tickal gates in
floading or providee some salt marsh

== freEage wialar hoks
Forest vogutation 1LY Emargen! vogeluson

gd senn-sheds vagetafn

Fipmre {. Cross-sectiomal diapram af cosstal North Caroling wedfend
(Mfstetton from Beles and Newoosmd 1906



-7 ‘)E?ﬂ;!wﬁ Yﬂudqummu i the Northeast, Prevention of — Why Restoration?
b

mﬂertnﬂn}h reduces sail salinity and soil moisture, resulting in

the replacement of natrve vegetation with less desirable plants, in Becanse salt marshes ane of paramaount ecological
many cases, 11 has decreased biodiversity and creased fire hazards.  nportance, a bost of resieratbon techiologies is emerging
{ Marthewes and Minello 1994; Broome aml Craft 1993}

Fignire 2. Much of wobal s pnderstond abost Whe feasibility of breached-aibe eshuarise
wetlund restoration s been learied by examining raburally broached sifes ke s one
in Witlapvr Py, Washivigfon. (Fhefo by £ Simensiad)

18]

Diepending on the goals to be met, midiiple
reasnns exist for restoratien, creaton and
pihancensent of sl marshes:

» stahiliztion af dredged material

s restiralion or creatan of labsat

» shoreline erosion contral

» miligation W compensale for destouction o
impacts an nateral salt marshes

= restoration of disturbed or altered
corditions 1 4 previous conlition

s premoval of structures or alher resteclions
tor tickal few, ardmal neoventent of profection

Researchers have successhlly applicd new
technabogies to restore and create salt marshes
{Busler and Kentukz 1990; Thayer 1992; Matthews
anl Minedlo 1994; Drever and Kiering 1995, Zedler
1996 Broome and Crafl 1998], Incressid
understanding ol the role of 2alt marshes bas deiven
he implementation of restoration and creation
methods. & series of regulatory teals bas been



developed 1o enable local
Sdl'.'-!!l'l'llll-!"!IIL"'i I} ]Il'(lll:'ﬂ.
conserve and restore wetlands
CErmvirommental Lo nstitute
1997).

Thie ol af this
publicanion & i synthesize
the findinps and experience
pained from salt niarsh
restaraiion and creddion
projects during te past 30
vears and provide puidance
for fature effons, Look fior
specific detzils in the reparts
and documents arising fram
indivicual sife projects
i Thaver 1992 and Manhesis
and Minelie 1994 list reports
and key parlicipants).

Fignire 4, The extend of miasquifo difcling i best seen
in aerial piofografhs, (Phofa from Dreyer and Nering
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Fignire 3. Mealized zomalion
i conmmunities o o fical

Cosirpctiont sl maish, The foestion of LCw

fhe comrrinslies Bx stronmy i fivetioed by small R i

differences i elevation above e mean bigh woter fevel HRE ELE" Al
{ illasstration from Drever aitd Nigring 1993) HXE

1945)




MARSHES

The principals should establish specific goals belore initiating
1 resiorallon of creation projecl. Besoration means apphing
technndogy o returm a Gdad ares from its distarbed or akered
conditien o2 previous ecobopiea] purpose. Creaton, an e olher
banl, is comverting an area that has never heen a salt marsh into 4
functioning salt marsh. I bath tpes af projects, e poal i often
ta establish gr re-establish vegetation 21 a siee in the hope thas
oAl zzes of swccezsn will eventually Tead 1w ol coplpical
Fursction.

Methods

Salt marsh resteration techniqgues ranpe from stmple resosl
of an obsiruction sl e can tke il course (Peck eral.
1994; Dreyer and Kiering 1993) o compbex placement of
vepetaton wd establishmtent af ransport systems s that
ecological fnction will develap (Broame 1990; Zedler 1991;
Broome and Ceaft 1996}, Many dillerent bpes of restoration are
sl

Tkl st saesls, Nomlh Caroling cous!
{Photo by Scoitt . Taplor)

FESTORATION OF TIDAE ELOW., Alemton
of marshes due to resriction af tidal flow or impoundment &
comnsm securrece i dve porthestern Unitel States, Remava] of
the abstrucion so narmal tdal lus can resame alless nal

restaration of sult marsh eeological sysems.

[10]



REMONAL OF FILL, Sometimes natural salt
nrshes are alleved or destroyved becanse they have been covered
ath £l Froms comstrociiad ambor deedping, 1 the Gl is removed
and] the substrate vestored to Bs previous elevation, marsh plants

will return. Undess supplemented with transplanis,

REMOVAL OF CREEK OBSTRUCTIONS
Where saltwater intrison interleres with upland uses such 2
azriculmre, the creeks through 2 marsh may have been plopped.
Reenal of e plugs can pestoee tdal o, whick may lead o
natural recovery of the salt marsh’s eeological funclionisg.

DIVERSICH OF STORMWATER FLOW:. In
some places, siemmwater runolf as been diverted to marshes
Large wolumes af siech drainage can dilute the salt waler 9a much
that Phragrmdtes and other salt-intolerant plants replace the sl
marsh vegeration. Sometimes, diverting or dispersing the
ssprmwater runoff will lead w recolonization by sali-loving species
stch a8 cordgrass,

RESTORATION OF-SEDIMENT SURBLY
Because of rising sea bved, a steady supply of sedinsent o the
marsh is needed for lang-term mainsenance. When natural
drainage is imterruptedd, the marsh ray hecome sediment-starved.
Eventually, the marsh syssem may become inuncated. Renewal of
sediment supplies can, cver (he long laul, result in some marsh
restoration by providing substeste for nznral invasion of salt
mearsh plants.

Sudents monfior vegelation changes af o tdal welland
restoration site in Wasbington, (Phots Iy G Smensta)
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B [0 cd'm*ln.l pestoratien can be increzsed sipnificantly by
new plantings af salt marsh vegetation. This process requires
carelol site selection, preparation and ranspanting, While ane
can “ereale” marsh vegetation that grows well, questins remain
awer when and how a transplanted salt mearsh heging 1o finction
i oastal huhitat,

Site Selection

Site selection may be the most impartant step in resoring 2

ticlal marsh. If the site is chosen properly and prepared adequately,

e mrarsh will likely be restored successhally and contain critical
hahitat, Sites that ance supported 2 functional tidal marsh svsiem
arc: e mast kel candidates for sucoessiul pestoration. (fen
ticlal marshes are compromised by the presence ar absence of a
critical ingredient (e.g., tidal foos, sediment supply; fill, block-
apel. In those cazes, adding or removing il proper componeni
can lesdd o nalzed recolonizatin amd ticdal wzrsh resgozation

i Maithews nd Minello 19504; Drever and Rieving 1993; Sinensiad
anel Tham 19496; Emireamental Law Institte 1997 ). 1 is impor
fanf g recognize, however, that some sites e been physically
altered bevond recovery. Salt marsh creation, especially when at-
tempied for mitigation or erosion-contrel purpases, often involves
e s aof sites that have never supported tidal marshes.

A net fregly semifes frevenite Pacific soloom emiprating from o
restored wetland i Oregosi, (Fhafe &y O Simensiad)

When prosects are planoed, the following consideeations are
IMOTEANE;

HYCROLOEY . Hydrology is the domirant Fuctor that
devermines donation of plant species and other wellasd




claracteristics, To be sucoessful, a site must have enough tidzl fus
oy abtermatety Aood and dreain the marsh, Elevation, sape and tidal
regime are the primary influences on hpdeology. Al of these
Eactors deserming the xreal extent of the intertidal zone, which
st be large enongh io support a Gdal marsh ecosysiem,

A e hy
ELEVATION . Manisina restornitn pronged g
proper elevation. One can learn the COTTect requjl'emmlsh
ohservigg e upper and lower elevasions of the dominant pliots in
a functioning marsh nearhy:

SLOPE, 1Fthe area is oo O ordereputar, the salinity of
sl water can interfeve with plant productien. A genthe slope ol 1
i 3 percent maximizes the intertidal area, dissipates wave energy
ver 2 large avea and provides conditions heat suppord Glad nearsh
ants,

TIDAL REGIME, Tidal amphiade and frequency of
fidal inumiéation determine the grea of the intertidal sone that
supparts the proper emergent plants ad proper 2onatien.
Adeaazte dika] Aux is necessary for the import and expirt of
sedinsents, nulrients and organic mater

ORAINAGE CHANMELS, Large restoration siles
mist includs erecks and chamnels to allow good drairage anil
ardereate tidal exchange. These waternays 2lsa provide means for
fish and other znimals o wavel theough the marsh, as well 25
ensure fhat sediments, mutrients and grganic maler are miged
hetween the marsh and the open esmary.

WANE CLIMATE . Txposure to waves can be 4 limiting

Sadt anncirsh restored fo controd shorefine erosion, North
Craling coast (Phota conrtesy of Steve Broaie)

[13]
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SALIMIETY.
The zalz comtent of the
soil and waser
clitermines wliat plant
species can thrive a2
sitee. B thoe: salingty is 100
Tiigh (i, tidewaier
trapped in depressions
eaporales, leaving a
high cancentration of
salt in sl waler) or
ootk D (1L, saltweater
i% diluted by roo nuch
fresshvatery, monneul-
tare of tidal marsh
plands likeely will fail.

i D;mj}*"ﬁ}dﬁrﬂul marsh vepetation. The orsentation of the
e waves and ameunt af felch—the distance the wind
Blaws over water—oan inflnence the seeees of eslablishment,
Befare plans bave produced 2 significant raot sysiem, they are
walnerahle to heing dislodzed by wave acthite, OMshare breakwa-
lers cam asnelicrate wave action where aheenative site choices arg

Semifinng for ingects af Sresched-dike marsh, Oreson (Pfhofa by C. Simersiaa)

SCIL PHYSICS AND CHEMISTRY. Physical
and chemical properties af soils influence cstablishment of plints
and their development. Sandy soiks are more easily manipukzied
for planting, bt have less capacity to hold nutrients. 0 may be
necessary 1 apply fertitzer and organic matter or te facilitate the
transport of organic matter by increasing tidal exchange.

Sediment accuniula-
tion is fundamental 1o
develapment and
maintenance of tial
marshes. Bt i
ek sediment can be
detrimental. The
appocessfil site il
have a halanced
supply of sedimyents,

FROTECTION
During the early stages
al planting, e s
must be prosecied
from pedesivian or



vehicle traffic, foraping by birds and rodents, excessioe shade ani

CHITAEN TGS,

Given the appropriate site and adequate time, natard
eolenization will produce a tdal marsh conssting of native

7%
v
r‘TI,-J
f‘r_:;
/i
/(‘?'
g

%y

A
Vi Wl = Q'i .
ared Craft 1998}, Sparting ol illﬂiiﬁgﬁmmglfﬁl‘@mlrﬂ\: L -.—-,,.:‘I

aree dpmypdves n the Bacifie Northwest {Simensid aod Thom
VR, Shariing pertens, Sharing cpnosiroides or funcus

salingty.

vepelation and animeals. However, il faster restoration s necessary,

Qe AN |r2|'|5|||11||-
vegeLtion ke speed up
flee progess. I this
s, chaosing the
pight plangs is 25
impiTianl 45 proper
sile selection. Planis
mins b companhle
wille (e sile’s
characleristics,
prirnagily tidal
exchange and salinity.
Tlee species mest
cammunly planted in
e intertidal zene of
fickal marshes ane
Sixrrfiti iternifiong
along the Alantic and
GalE coass {Broome

Wechanical plaiiing of salt marsh planis (Phato conriey gf Slere Sroone)

roemerianis may dlsa be psed, depending on tidal exchange and

Site
Preparation

Tl zuccess of i
marsh restortiog aksn
dlepends fargely on
proper preqaration of
fhe site. In the
Northeast and
Noritwest, for
example, where
restorato invalves
PEfUTNing 3 certdin
Fomction fe.p., tdal
fux, proper drainage,
remvel af barricrs),
sile preparation
requires ligle more
than restoring, that



T
Gy r*"' _,ﬁh_y{j }t_-:ﬁ-i ﬁ)ﬂf developed 3 “Bestoration Rules-af-
Trumh™ for 'I:l:lllnE'l:hI,I,Il;‘.'.Ilh application for the Northeast:
s Salt wsarsh plants will veplace Phegpanifes in fve i 10
vears if regubar tidzl fushing with saftwater (wver 18 parts per
thpsand) s esehlished.

» Sall marsh plants regenerate on thesr awn il 2 nearhy salt
mnarsh supplies 2eed, makiog expensive planting of transplanting
HENECERSANT

o 115 nod always desdrable to restore onginal ddal volumes o
sites, especially in the case of subsided weslamls.

o Magzh pesioranen will redoce or eliminate

Tkl svalt amenrsh, Novethh Corrlione (b iy St 02, Taplor )

mositn breeding in subsided marshes.

* Marsh pestoration renens soenic Wstis,

When it is necessary o establish new
wepetation, ene must panstakingly prepare the site
i imcrease he chances of suooess. Extinsive
o praration and protection is doubly pecessary
where erosion-conirol is the gral,

B fidal fus, freguency of ooding and
slape penerally deferming (he are of the intertidal
wom, s Factors must be elfectively aocomse-
dased. One can discover the requirements by
comparing the mew site with 2 natural marsh
mearby, pasing amention so the upper and lower
elevation lmits of dominand plas specges. A
survevor's level i helphal in achieving the desired
elevalions, s is marking the planting site with
sakes when the tide level reaches critical limits, A
genile shape of 1 o 3 percent seems i mdmise
the incertidal are and dissipate the wave energy

[16]
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Depending on the degree of didal inundation and crosion In many places along Norllieist shores, sall marshes have
comral needl, ome can achieve the desired gope by grading e boen aliered due 1o disnepted tidal fes and the subsequent
site. Slopes that are too fat o ieregielar may drain poorly; the decamposition of the exposed peal botiom {Roesa 19953 To
resul iy be poding, which can spike salinity & water evapo- reanecdy the prohlem, coe must carefully bakance the venewal of

rales, or witerlopging. Most desirable marsh plants
are bol sdapied W cither of these conditions, sa
poor drzingge will impair tidal D asd kill plants:
I areas of sipnificant marsh subsidence, madnly the
Wortheas]; resoration eams nen necd o insall 2
series o strociures thal allow mare water o ey
(he marsh on bow dde e enters the marsh an kigh
ticlee. This will frster the drainage required o grow
desirable salt marsly plant,

Tickal amplitnde and frequency of Aoading will
desermine the widi af the infertda] wone il
support emergent vepetation and  healthy zone af
plant specics, These charactenistics are alse basic o
the: regprired import and expart of sediment,
nuirienis and orpasic matter typical of he sl marsh
eonsvatem, It is harder 1o esiablish zal marsh
wepetation where the tidal amplitule is narmow, In
this case, mare precise desermination of the
elevation o be planted is requirel. Bedides, exposed
shorelines are less resistant 1o crosion damage than

Tickal sexlt marsh, Novth Carolina (Phote By Seolt 1. Taylor)

[17]
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J;?;J];EQ -.‘mhj'ﬁ'ﬁlﬂrrﬂf (e marsh sarface, which usually means
supplvag Jess tidal ffow Than was ariginally present. Apglying
backditl may alse he necessary o compensate far the subsidenee.
Restaration of idal flow most 2hwsvs remones or suppresses
Pheagaites, which cannod wlerate salinity levels above 15 pars
per thousand, Nowever, accumulation of freshwater ranoff will
megate the tidal influence onless drainage & accommusfaed.

Tio prrepare Burpe sites bor restoration, e needs o consiroct
ar rehabilicse drainage canals or creeks. These pathways promate
gl drzinage, betier tdal exchange, optimum aiifization of he
mearsh by fish and pther organisnes, and increzsed exchange of
seddiments, nutricots and orzanic matter bemween the nearsh and
pquars One can cut channels o the proper grade ar reopen
existing creeks. Becanse sl feed primarily at b edges of
channels, i is important f create meandering channels o
increzse the ameout of edge and socess 1o the marsh (Minella et
al 1)

Sty of the water above and in marsh soils deenmines
what plant species are suitble. Adinstment of tidal e, elevation
and freshwater drainage during site preparstion will ereaw: e
proqier sakinty.

The condition znd clemical properties of the soil dranai-
calhy induence the success of ransplants. $andy soils, for example,
are easier i manipalate and prepare thean chay or Sl sedl, and
have: mre Evorable bearing capacine Progier levels of creanic

matter and nutrients ane alao essential. Since most sandy soils
comntzin few mitrents, restaration feams shoald rely on cohanced
tidad flooding i deposit dgnificant amounts of murisnt-rich
sediments ar apply the corvect formulation of fertilizers. On
arient-poss sies, ong may apply fertilizer a5 2 follow-up
treatment. I the site is graded, the opsoil, which is more fertile,
can be stockpiled and rezpplicd aver the planting surface.

Maderate sediment aocumutation, either natural or
supplemental, stimalates plan growth and increases the elevation
andd widdth of the marsh. Accomulation of sediments also allaws the
marsh surface o keep pace with rsing sea level (or subsidence);
bt tan much can smothee plants or elevae the marsh surface
ahove normal tidal i,

Physical Protection:
A Little Extra Insurance

Waves can hindir salt marsh development whin they are
strang erough 1o erode shorelines and planted sorfaces. To
protect the mewhy planted massh, one mey need o erect physical
harriers to reduce wave damage and prevent erosion. A low-beight
“hreakwater” has heen proved an inexpensive, efficient
mcleanisne 10 lessen wave damage (Rogers 1994), However, it is
not appropriae for high-energy beaches, I fetch s less than 4
mile, hreakowaters ave very effective; but wheee feich soceeds 4

[18]
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pnides, such breskwaters are nod nseful.

Breabwaters tvpically are instalied (Fpure 51 aboul 20 [e
Frosm Al shore (i more than 360 fee1) af mean oo waser
(Broome et al. 19923, The top of the beezkwater should be abpat
v inches whove the water surface and onby slightly higher than the
desired level of the marsh's pesmanent ool mat. Dreakwaters are
nsrilly woad, but people in the Chesapeake Bay ares have buil

ol T 12 \
B ’
porss, Snvall gaps leit berween boards m}hw 5&&*{ q{;thm: Ly
endls will permit water circulution. Breakwaters langer than 20
leet may require karger opendigs along their lengih.
Establishing Vegetation

When a sive s restored o oan ebevatan tat gllows il

them with frushing
slone Hli.lil EII'IZIP'HF
(Hardaway Fian Vienw for Breckwater and Planfed Marsh salinity, salt
et al. - | imarsh
19850, O = O | J I T vezelalion
Eﬂil‘il? _I._ rl“'_;____'ll_'l'_'q'_—f_k'_'q'__'r"_f_lll___—l '.'-'il!

p : ¥Yauv W oW .
h.u..khnaus: va'f“lf‘l\'\l'f.v'f?\rlffv'lfv'l'vf“f v‘v"-,fl m.-.ﬂn !'egem:mr:
which are E 1" v NN | rid-tide in siveral
|_'||'_\-5j_g]||_-|_1 I = | '..l'.“r Y "||'v"[ W q Aeainbe Flkﬂhad L) ?1{". Y f"r | ond ﬂl-l'ﬂ’ﬂn VEArs
sexliments = :"':"’:'fi‘f\f'fvvﬂfffffvav:f:f:vv#I_,_,.-" et al. 1990
and bliress Yoy LEPR TR i e e R ¥ ! ¥ Dreser znd
i M Y Y Y Y e Y T Y Y '_____’_"'_'_{_""rq‘__ Meriny
shoreling Beoch Baach 14913
behind — —— e e Bimenstad
them, . ; and Thom

it Line
breakwaters . 19460 In
shisuld be Property mﬁ it the

Figmere 5. Lapod of @ breabaater with plased warsh geasses (Iisteatfon from Broome et ol 7992
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_,,-"“5'”_"}'31-' .{il.mrl{mh.e;mhh to sparinas imasions by other

plantsznd recurnence of the barrices fo normal salt marsh
Farection

The reduction or eliminagon of dds Beoding causes most of
the zalt mracsh degradation in the Noriheass {Roes 1995)
Trifutican of salt water creates cowditions faverable for dense
groath of Phrgemsites. Since Phrggmites is sensitive 1o salinity

beeames estahlibed in five to 10 vears. Unless theve is 4
eompelling reason for speeding up the pracess, costly planting or
[ramspanting programs are unnccessary Salt marsh plants seif-
sow if a4 mahural seed soarce is close by, Manapers in the Northwest
alser rely on 1ls strategy when cessation of tidal Aooding is he
cause of salt marsh degradation (Simenstad amd Thom 1992},
hartfia enlersiTorg, onoe 3 popilar ieansplani 21 some West

ahove 15 Cngsl sies,
THerls s ix cansid-
{hosand, ered 2

- nuisEce
parzhlish- species and
ierent of Gidal iransplani-
ficw 15 the ing o€

bt vty Ly nonnalives
redue or is discong-
remave the wped
vanted In mosl
plants. With of [he
proper Hidal Soatheast
flushing and andl

raisod Soutbwest,
salinity, menagess of
amoath salt marsh
comilorass (e [ I

Preconstriction of welland restaralion project, Puget Sowid, Washinglon (Pholo by Justine Barlon, USER)
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and eréation prajects peeler iransplanting sale marsh planis ara
prepared site {Broome and Craft 193], Researchers have
documented rapid development and recraitment of tidal marsh
flora and faana 2 iransplamed stes. Sterting atlerniTon is the
species communly plamted in the tertidal zone of Atlantic 2nd
Gulf coasts; on the Californis coast, Spardisa Pl is the farils
chindce. Senling fatens, Senting gynosraddes and fuicis
OGNS
e Ao
niber species
thiat T
succeeded
alamg the
Gl and Ease
CrEsls,
Alllenagh
Iranspanting
i5 popukar,
fhwe cdenrand
fiar planis
still gxceeds
e suppls:
Bt
eI
IS ¢an

New pegelarion recriifient qf breached-dife marh sife, Ovegon (Poato by © Simenstad)

1
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consider & variety of spurces. They may “f.h.“ﬁmﬂ’i‘ﬁﬂz‘"“\ by Q

from native stands or collect seeds from local sites o cultivaie in
preenhouse pols or fats {Garbasch et al, 1975}, Creating plants by
tissue culiure (micropropagation) has been imvestigoed (1§ ctal,
1995), but is ot vet wideh wsel. Fant maierial, whether
seedllings or seed, must esiginate from mative stands nesr the
transplant gte. This will minimize the introduction of ecofpes that
will fl in
bocal
condlitions
or
senetically
“dilie”
native
papukiions.

If one
dligs planis
from nearbw
Tnali:
slanils, he
sl (hin
selectively
anl ki
dismrbance
b s
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dispir
mirseries Cullure natve plants wow that habits restoration is 2 toeds fo open hales,
e roukine nkgztion
toal, Plnting of envergent widesh regelation

SOEELEEs O Can
prow nesw salt marsh
hangs by sowing seed
directly, In this case,
sepding & most
productive in the upper
Fralf i e imeriidal
oqe

Techutigoes for
transplanting seedlings
are simikar, whethes e
plants were dug from the
iehd gr culiursd in peds
Teansplanting can be
doni mechanically,
using horteutural znd
agricultural machines, a1
sites where the soil will
suppoTt the quipnsent.
In zimall areas, along

X .r::.- -

(Pt By Cairtis Taisier, D5FWS)
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Jm}ulm': L.ﬁﬂWHMﬂ fiar destruction, swch as dredge ticlal creeks, or at praves with wit soil, mamiad planting is
'f sites. can be 2 foad saurce of plants, More commercial preferalde. Workers can use tree-planting dibles, spades os other

Snug plant spacing is
critical if quick coverage is
fhee goal (Broome o al.
L2 ). Tor Sivaering
alternifiora, Gl-by-Gi
centimeles spacing wiil
usually promote adeguate
TR cover it one growing
se1s0n where ergsion isnol
serinns {Broome aid Craf
15108 ): sparing of 1 meler
is aoceptable on sies with
the hest growing condli-
tipms—Tlertile soil, pemle
slope and minimums
erision. Cost ol planis is
nsuallv the factar that
iletermines spacing. For
oplimun resulis, one
shupild transplant carky in
llse prowing season.

Manks waally matoee



more quickly when ferfilizers are applied at the lime of eznsplant-
ing, Crrddinary sodl fests can measure a site’s fertisty, 1f nacural
inputs from such sources 2 sedimentation are ol sulficient,
supplemental beriifizer may be neded. For surface applications,
speciabists recommend ammonium salfie and concendrazel
superphosphase at rates of about 100 kerha N and 50 kefha B
Experts helieve thas show-release X fertilizers, preferaldy pohvmer.
coated, are much more diective than ordinary saluble materials
and can be put in planting holes without damsging the planss.

Cultivation, Adaptation and Maintenance

Sareess depends on a combination of suitable herticulniral
chodces: plant selection, seed collection and storage, seadling
proifuction, site preparation, transplanting kchnolooy, proper
plant spacing, and adeguate festility,

Created salt marshes efter Lack onganic matter in the
substrate, especially if the sediment source is deedged material or
upzndd soil, To encoarage nderabial growth znd increzse nuirent
cyvcling, restaration teams can 2dd organic maner w e soil at
iransplanting, i may also be necessany o “top dress” 2 nendy
planted marsh to encourage root Benation, aract drganis malter
andl devedop "reduciog” soil conditions: But before deciding what
ype of arganic amendmens o use, one should carefully assess
thee sail and drainage condstions at a site (Broome e al. 1999): in

QSN SYE 0N,
(59K () ‘Q\f

I
. e 5 e — \ o
severely reduced, waterlogged soils, :Immﬂ'&imﬁ}[‘g}ﬁﬂdﬂw & s

may adversely affect earhy plant growth.

Grazing, if signdficant, can retzrd production of plants,
howirng the establishment of veperative cover and aoonmidation of
arganic matter. Temparary fencing can prevent excessive BriLging

Whien restoration entails reopening patlways s drainage and
flooding, manapers may have t maintzin the openings for
aptimum tidal fashing angil the sat marsh prows 2nd is colonized
by narural Buna. I ibe restared marsh Goor has subsided, bes
fliadling might be necessary than before the marsh was degraded,

1 thhe: ultiemate gl for salt marsh restoration is (o create
high-quality habitas for marine B, segaration feams must
pronade pathwans between the adizcent ccosystems 1o suppart
eolonization, Creeks and ditches e imperative. Managess mos
create armd nexingain 4 hvdrologic resime that s Byvorable fr
tevelopment of sall marsh vegetation and chemically reduced
sails,

[23]
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Anthnrities disamres oa whether salt marsh creation and
restoration projects can replace or duplicate the functional
artribiates of reateral systems. To pauge success, one mist first
consicler the poals that preceded the project. Gne can evaluate
several eriteria to assess hahital valee, but data & Backing on the
ulbtirmate value of created and restored salf marshes. Besearchers
have evahiated only 4 few transplanted salt marshes 1o assess their
elficacy = functionz] habdtats {Matchews anel Minelky 1594).

Landscape Assessment

The quality of created and restored salt marshis i signifi-
cantiy influenced by site selection, preparaton and planting. The
Yand must ke near asoavce of salt water, have the proper ebevation
fivr il frushing, he accessible to relevant fauna, cover a large
enongh zrea o provide functional linkages, and be properly
planted. I the indtial site works creases the right physical base,
binlogical devebupuent will follow, Researchers esfimate thal 51
trkies 100 10 15 vears for 2 created or restored salt marsh 1o
resernble a funclivning raeral marine kabital (Broome ¢ al.
1481).

Faunal colomics husld oo developing plant communities. [f
telralay is Tavarable for gronth and propagation of hydeophytic
vepetation, salt marsh plants quickly become established and
develop complews coverage in a5 liele as three years from
wznsplanting (Broome 1990}, Developament of sl marsh fauna,
which relies Barpely on narneal vecruitment, will require more
e, The zalt marsh will start atieecting claracterisic animats a5 0
acds abmnikant abenveground plant bomass and umberground oot
materials. Some animals will arrive by land and ais; otbers will
ride the tides froan nearhy marshes and estuaries. Fauma that lack
plaskacnic forms or live in mare remole areas can e introduced
manizally into the growing salt marsh svstem,

Developrent of reduced soil in created and resiored sali
miarshes generally takes several years to equal condilions prescnl
int & matueal miacsh. This is particulardy tree on dredge spoil and
onddized upkand soils. However, il takes bess time to achie
redluced <oil when managers rehabilitate degraded salt marshes by
restoring original drainzge pallcens,

Monitoring

1t s difficult v gauge the efficecy of created and restored sii
mearshes. Development of an effective salt mardh coosvsten s a
long process compared to the expediency of most managemsent
decisons. Unfortunately, science acks the necessary level of

[24]



understarding temporal patterns in development of sall marsh
processes i atequately predict the saicome of creation or
restoration projects To st and predect kng-teem sweooes,
researchers mus analze the resalis from long:term monitering of
sall marsh processes. Onbe a few such anabyses luve been
performed to dare {Maithews and Minello 1994; Simenstad and
Tham 19496; Broome ef al- 1998 T make quick asessments,
researchers will have o be able to recoznize sl marsh anibuies
they can wse to forecast long-term tremds in critical sall marsh
funclons and prooesses,

Are ressoet and created salt marshes equivalent o naterl
mazshies? The aswer 15 20 clussve becase we do not have
funciional modets af naturzl szl marsh ecology. Regianal
assenblapes of sall marsh (eg., Norilvest Pacific vs. South
AtkanticAGulf coasts) are very different from each ather; von can't
s 2t el fram one region o judee anoter elfectively.
indicators of fanctional trends and varahility are not well known
regionally. We need assessment paramelers i characierin
fundamenta] processes, identfy surrogates and quantifv ecalopical
attribates. Long-term mondtoring shauld focus on three main
charzcieristcs (dmenstad and Thom 1996; Broome e al. 1994

» Time that is requiresd s #iain salt marsh siructure (hat
resembles paniral nershes (e, abovepround and bebowground
hiomass, primary productivity rates, diversit, afrologic regimes,
sl angamic matler)

e,

* Presence and pmminmweﬂmm%tﬁ? lch@.tEL
species) that can be used 1o desermine the relative success of sall
marsh srecure and hinction

# Bccessional development and cycling rates ihal indicare
eeological functions similar i natural salt marsh systems

Ecological Implications

Mot estored or cregted sites will establish prant bipmass
within a short tme, given the ripht bvdeologic regimes ad
lacativn (Tahle 2}, But it is the linkages amonyg plants, sediments
arnd anintads et foster establislment of goality codsial habii,

If ample pathwavs for water exchange, large zmannts of
pnaraly edze; and desived animals are avadlable, fisl and
macrainvertehranes nsnalh will niilize the new sabi marsh in a
short e CManelload Zimmerman 19921, Abundance of fish is
similar in created and narugal salt mershes (Minello o al, 1594},
A close relationship exists hetween the time of fooding and the
abundance of erganizms {Fable 21, espedially when adequare edge
i availahle.

Accumulasen of organie meter in te 5ol fueds te plasical,
chemical and biological processes in sall marshes. Besides
increasing the holding capacity of soil water, nulrient storage and
muirient cvcling, organic mater influences the nember and kind of
sediment-dwelling invertebrates (Levin et al. 1998). Scientists

[25]
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34 ’_)hpk&:ﬂ?ﬁ,ﬂf’lm link for transferring plant material from  processes and iranslocztion of erganic matier. The rate of
] e mnarsh o te ecosysiem's foosd webs (Cuarrin et 2, 1593 Zedler accumubation is ofien key to achieving ecological equivalency in
1990, Broome et al. 1999}, vestored and created marshes, Adding organic matier i nxarsh
Crpanic matter accumalates in the soil when st marsh suils 31 the time of plastng ean stimalare tvogen Btion and
planis die and decay, Other organic imputs include alge, sedi- accelerate nutrlent cycling, However, two much arganic matler on

menls, baeteria and detritivores, which assist with decomposition  the swerface can interfere with hetervtvophic processes and

Table 2. Some Ecological Atibubes of Crecled Soll Marshes vs. Nalural Salt Mearshas

Atlnbura Craofed Marsh Matural
Mew 3 yaars Mo
Standing Crop Biomoss® (g 150 1000 800
Batowground Bemazs? fomim? 5 2400 3o
nifauna Densitye &Fim) ILam X000 50,000
Fishest (B 0 201 s
Crganic Matter (k) A s 45
SeiP CiN 2 A [
drrrronka Rifegens (onclho) A 176 a7
M Fieafion grmisréfy) MA 12 f
Denérfication® {gmmefyT) A D 10

Breama and Croft 1998, Tedier 1998, Croft ef oL 1991, 3Curin &t o, 1993
MA = Mot Augiobls
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smother new seedtings (Thampsom et al
1998: Heaonse eral. 1999, Thoopl neardy alk
constructed salt marshes quickly produce
plart hiomass smilar 1o maural sl marshes,
they generalty have low levels of organic
matter (Tabde 2). Butgver 20 vers or 99, they
riacly concenieations thar zpproach nasral
condifions (Broame and Cralt [998).

Another indicator of functional equiva-
lenee is the patio of carban to nitrogen. The
carbon iy nidropen cann s ieversely related o
the age of ihe marsh (Tabe 2). Rescarchers
beliese that creatsd and restored nacshes de
not become funchianally equivalent i natural
marshes until the carbon o nsropen rato
falls below zhous 20, especially in ferms of
nitrogen maitalality o macrophites and
AT CONSUMETS.

Accumulation and cycling of nuinents are



critical 1o ecolegical develepment of salt mearshes (Corrin et al,
L9%3; Carrin et 2], 1996G). Nitrozen B ported w the nzrsh by
rainfall, groundwarer, tical flooding and niragen festion. Young
salt muarshes are sustained by external nutrients; but the maturing
miarsh depends more on intermal oycling of nuirienss. [n a new
marsh, nitrogen fizlion 4t the surface and among the plant roots

i5 preerally high;
bt it dlecresses
as e marsh
accumulaies
arsl Blores i
oW mikrogen
(Tublie 23, A%
plant biomzs,
decompnsition
rates and
infauneal sctivity
nCree,
MiLTogen
fixatan
declines and
the rate af
nigtrient cvcling
ncreases, For
resiored and

corebed on non-mard suils

Fipwre 6. Mitrguen cvcling i salt wacsh sediments

crested salt marshes 1o achieve eeologicad @i:mlqﬁ:ju :
cveling of natropen must occur in chemically reduced soils of
stlequate organic cantent (Figure 6), Mlequate nutrient dycling
accurs mwch seoner in degraded salt marshes inwhich tidal fes
have been restored {Northeast and Novthwest) than at sites

IMPORT
Rain
PunaE
HondwTler
Ticked bl
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(here is
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alx the
iefinition of
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restoration,
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established on
(b proper
elesation,
profected from
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? J (tl_..;;"r" H';:}T.%ﬁ:‘z;l planted with plams suisble w ke sie, T OMNCLUS|ION
' sunplﬁg with #dequate futrents, and manazed ro ensure optimal

phanictirage nd povh, wookiicd devekpmee vl cielually Usimy this report, coastal et proups, management

il entities and 1echnical practitioners should be beteer equipped fo
g set poaks for creation and restoration of valuable salt marsh
Mltlgﬂtlﬂﬂ hahitats. More detailed information about individual project

histaries and technival aspects is available in the lerare

In response 10 changing palitical, pabicy and maxgement referenced in the following section

parameless, coastal managers are relying more on mitigation i
miintain the current kevel of coastal hechitas (Enviconmental Law
Instituse 1997). The nesd for information about creating and
restoring salt marshes bas grown i proportion o e incresed
use af mitigation. The growing number and complexity of
regulations, agreements and polivies dictate thal mitipation
projects need bester technical informazion 2nd assessment o
correspond with better recognized social values.
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